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CRACK RESISTANT SHELL MOLD AND METHOD 

FT ELD OF THE INVENTION 

I present invention relates to ceramic investment shell 
- - casting molten meters - -oys an, more 
particularly, to ceramic shell molds that are more rears ant 

mold. 

BACKGROUND OF THE INVENTION 

Both the investment casting process and the lost wax shell 
^ b uilding process ate well Known, for example, as rs 
apparent from tne Operhall US Patents 3 1,6 506 and 2 tedly 
Z Xost « shell-mold building prooess involves repeated y 
"pin, a wa, or other fugitive pattern of tne article to a 
Z in ceramic slurry, draining excess slurry, and then 
stuccoing tne sXurry with coarse ceramic particies to build up a 
ru mold of desired wall thicks - - ^ «^ 
s b6 ll moWpattern assembly t h en is -^^^ 

a.- „ t-o selectively remove the pattern 
removal operation to selectively 

Zu mold. X co^only used wax pattern removal technrgue 
Lives flash dewaxing where the green shell mold/pattern 

assembly is placed in an oven at elevated temperature to rapidly 
assenujxy r Following 
me lt the wax pattern from the green shell mold. 

v n mn id is fired at elevated 
pattern removal, the green shell mold 

, , ~4-h -Fnr pasting of molten metal 

temperature to develop mold strength for casting 

or alloy therein. 

Buring the pattern removal operation, the green shall mold 
C an experience mold splitting or cracxing as a result of 
stresses parted to the shell mold by the heated wax pattern 
sh ell mold splitting is costly in that split molds are usually 
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dis carded and not used in the in.est.ent casting operation. * 
pr aviously developed lost wax shell mold building process 
involved stuccoing a plurality of the ceroid slurry layers wr h 

splitting. 

» object of the present invention is to provrde a method 
fo r maUng ceramic shell molds and shell -Ids so made using one 
or m ore ceramic fiber-containing ceramic slurry layers in a 
^nnar that reduces shell mold splitting particularly during 
the pattern removal operation where the green shell mold rs 
sheeted to stresses from the heated fugitive pattern. 

SUMMARY OF THE INVENTION 

The present invention involves a method of making ceramrc 
shall molds for investment casting including repeatedly coatrng 
a fugitive pattern of the article cast with ceramic slurry to 
form a plurality of ceramic slurry layers and stuccoing the 
ceramic slurry layers with ceramic stucco particles to form a 
piurality of stucco layers wherein at least one of the cerate 
slurry layers includes discontinuous needle shaped (acicular, 
caramic fibers in small amounts effective to unexpectedly and 
significantly reduce shell mold splitting during a subseguent 
pattern removal operation. The discontinuous needle shaped 
ceramic fibers typically are present in small amounts of 0.5 to 
5 volume * of the ceramic slurry to this end. The discontinuous 
needle shaped ceramic fibers typically have an aspect ratro 
(fiber length to diameter) of 3:1 or greater to this end. 

ror example, in accordance with an illustrative embodiment 
of the invention, two or more ceramic slurry layers preferably 
include the needle shaped ceramic fibers, such as discontinuous 
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, „a fibers, in Mil amount, fro. about 0.5 to about 3 

:r \ - — - - - ~ la :: :i 

delude needle sbaped ceramic stucco fibers, sucb 
Is— s fused needle mulUte frbers, in amounts u P to 100 

volume % of each stucco layer. 

Gre en sbell molds pursuant to tbe indention are tourer 
(more resistant to cracUn,, in a manner tbat reduces mold 
; it tin 9 durin, tbe pattern re^val operation. Howeve ■ 
stran,tb of tbe fired molds is not apprecrably -creased to ^ 

in the fired mold. 

The above o M ects and advantages of tbe present —on 
wU1 b ecome more readily apparent from tbe followin, detailed 
description. 

DETAILED DESCRIPTION OF THE INVENTION 

Th e Examples set fortb below are offered to furtber 
Ulustrati tbe lost wax ceramic sbell mold buildin, process to 
whlch tbe invention is applicable wbere a ceramic sbell mold rs 
formed by repeatedly coatin, a furtive pattern of tbe artrcle 
east witb ceramic slurry ceramic flour in a li^d bind, 

.escribed in tbe Examples, — excess slurry, and 
stuccoin, tbe slurry witb ceramic stucco particles to reduce 
sh ell mold spUttin, durin, a subset pattern re-al 
operation. In tbe Examples, a conventional wax pattern of tbe 
article to be cast was subjected to tbe lost wax mold buildrn, 
process usin 9 tbe described ceramic slurries and stuccoes. Tbe 
invention is not lifted to wax fugitive patterns and can be 
practiced using otber fugitive patterns, sucb patterns made of 
tbermoplastics, polystyrene, wax/polymer blends and tbe Irxe 
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that are removable from « vapotize 
pattern treatments to selectively melt, 

the pattern therefrom. es are 

««, Examples, the prewet and ceramic 

" jrpect to the particular ceramic - or powder 
described with res shaped fiber£ mt 

(e . g . alumina or zircon) ^ 

1 • to the pattern. The prewet slurries 
were applied to the P in & 

mnrise the particular ceramic flour 
slurries comprise tne p att ern by 

n , rial silica binder and were applied to 

th Pattern in the slurry followed by drainin, of excess 
dipP in g the pattern ^ ^ 

slurry. The dip -ted ^ ^ ^ 

tv, p crewet slurries were applied tor P 

slurry. The prewet used 

<?and or stucco layers, me 

previously applied sand o mesh) 

in the samples comprise, -3» mesh t .e. U % ^ 

co^erclallV -lable alnmlna powder - ^ ^ 

<r .lurry. The zircon flour coi p 
each ceramic slurry % Qf 

• i lv available zircon powder and about 
commercially avaiiao (acicular) 

• .lurrv The discontinuous needle shaped 
each ceramic slurry. dips 

Saf fiP fibers employed in the cerami 
m • tion as set forth in Examples 1, 2, and 5 

pursuant to the invention as se ^ ^ 

comprised Saffil « B5 alumina fibers ^ 
TTir General Chemicals Dept., Concor 

silv erslde R oad, *1» ^ ^ ^ aspect 

(crU shed, to prov^e at Ua ^ ^ ^ ^ ^ 

ratio (fiber length to ^ ^ 

^^me shaped alumina fibers were p 

discontinuous needle snap althoU gh 
1limP % of the ceramic slurry as set forth, a 

amounts in volume % ot tn 

■ ,nt limited to the particular amounts set 

the invention is not limitea 
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, 2 an, 5. The discontinuous needle shaped ceramic 
in ExMP les , , ^ £ron ^ , 5 to about 

fibers can be presen pursuant 

. n 5 to 3 volume %/ of tne si^ i 

VOlme % ' l reduce shell .id splitting, -continuous 

ceramic fiber ^ ^ fibers , can be 

"* " S ^ U in practicing tne invention. - 

included in the slurr ^crystalline, 

\ c fibers can uc 

continuous cer ^ ^ ^ other Ilbet s 

pol ycrystalline, ^ ^ £ibers , 

including, but not natura l fibers may be 

«i»*tic fibers and natural 
metallic fibers, plastic 

. the above discontinuous ceramic fibers. 

et L ceramic slurries described in the Examples 
The prewet and strength, 
prised conventional additives for green 
alS o comprised additives &re well 

wetting, and foam reduction, all 
Known to those skilled in the art. 

mesh sizes listed tn is 

t-o each wet slurry layer after excess 
drop tower to eacn rabu lar alumina 

. „ from the pattern. The fused alumina and tabular 
drained from tne p« t 

„ „ a blocKy particle morphology regardless of mes 
stucco had a P fused miute fibers 

" ! a and distributed in the United States by U.S. 

E1 ectrofusao «*. ^ £used muUite 

Electrofused Minerals, Inc. rf 
3:1 and greater. 
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lH_=_] TT^T^h stucco means stucco 

In the samples ^ ^ ^ 48 mesh , „ 

, 26 stucco means stucco P ^ ^ stucco 

— than 2 ; :;;UTo «i - ^ - - - - 

particle size of less ^ ^ ^ ^ mesh ^ 

- "~ TmeT ^ s,es a, to U.S . 

greater than 30 mesh. 
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standard screen system^ ^ siurties „ d 

Gre en shell molds made 

t forth in Examples 1-6 in general had a 

thickness of about 0.25 ^ 
tb e U a X Patterns «ere sheeted a .tte ^ 

fi«h fire dewaxmg and were 
involving flasn i" 

m old splitting or cracking. 

«:hPll molds formed using the slurrie 
Green shell moia invention 
, ^ in the Examples 1, 2, 5 pursuant to 
set forth m trie cracking as 

w ^ntiallv reduced mold splitting 
exhib ited sa.stantr.llV ^ ^ the 

compared to oomparrson «^ 7 . Green sb ell 

— -die ^ stucMes ^ £Mth in the 

mold formed nsrn, »e . ^ ^ 

or - -ared to — 

«,„„t the discontinuous needle shapeo 
similarly made wrthout t to 

« n For example, shell moxu 
see sample ^ 6 ^ted 0», 4%, 0*. «. « and 

Examples 1, A J ' ' lit molds for 

— — — — ; n: :; II «-ut th. 

- ^"TshXl Lera in the ceramic slurry 
discontinuous needle snape 

or stucco layers. invention, it is 

i o and 5 pursuant to tne m»« 
From Examples 1, 2, discontinuous 

— * ~ - ° f r T, ::«u ir * - — . 

— — f eoll to si.rficantly reduce 

sl urry layers s. * « rt h ^ ^ ^ , £ ^ 

sbell .Id split rn . « £ibers (satm £ibers) , 

dis „s needle - ^ ^ _ ^ . ^ 
the ceramxc slurry ±*y* 
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— -OUt. stucco ,n th ^ ^ sputting „ 

sh ell mold splittmg. The & _ ^ green 

,.>,,.- achieved in Examples 3, 1, 
parable to that a* lty t0 mold splitting by 

shell molds were tested for ^ ^ 

.old test which involved flasn 
. split prone mold on rMna . end 

degrees t of unvented mold shells 

cylindrical wax patterns ^ ^ ^ 

«- — 1 iOTentlOT tt l removal bv incorporating 

splitting or cracUng during pattarn ^ ^ 

^continuous needle shaped ceramrc ^ ^ o£ 

the ceramic fibers moid {fired at 

-v, nf the high temperature fired sne 
th e strength * ^ resistance to 

1800 de,reSS ' kiMl o£ t he green shell molds of the invents 
sputting or crac^ o, ^ lncreaslng higb 

"red ^ "ength to an adverse extent that could 
temperature fired moi colidif ied in the molds or 

cause craving of a metallic castings solidified 

t-He shell mold after casting, 
difficulty in removing the shell ^ ^ 

aHnn 0 f discontinuous ceramic 
The incorporation increase in toughness 

w likewise provide an increase 
shell mold layars may IrKewrse 

„i* during handling, preheat, and 
ol the mold during _ cperatrons 

which helps to avoid mold cracxs/splrts 

" WeU ' h the present invention has been described with 

respect to certarn apecr ^ ^ ^ ^ 

u not so limited and can be ^ ^ 

spirit and scope of the mventron as 
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We Claim: 

i^c for investment 
Claims ^ramic shell molds tor 

u A method of -** «*- {ugitive patt ern or an 

ciS «n„ — I/ J UV«s an, sruccoin, the 

^d. - * cast ^ 5 J cco „ _ . - 

cer »ic siurry iayers wrth = „ o£ the ceramic -« — 

« lavers wherein at leas an 

rt a .continuous needle shaped - 

" C1U o reduce shell *"* 

effective to reo. 

pattern removal operation. 

■n said needle shaped ceramic 
* ,-iaim 1 wherein saia 
2- *» 01 Cl cio of 3,1 and greater. 

Hbers have an aspect ratro of 

. , wherein said needle shaped ceraaic 

fibers are present 

of the ceramic slurry. 

• n said needle shaped ceramic 
, ««, i wherein saia 
^ heTOthOd ;n £ triunts-ahout0,toa b out3 TO lu m e t 

fibers are present m 
of the ceramic slurry. 

«f said ceramic 
i wherein two or more of saia 

»■ * - th ° d ° £ ;T s 1 discontinuous needle shaped cerate 
slurry layers include sard 

fibers. 

. estment casting coaprisin, a plurality of 
A shell .old for mv s^ ^ ^ 

m one - »id iayers rncludin, sard 
layers wherein at 
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— - - rrrrx -» - — 

.„ ,„ amount eftecrr 
fib ers in station, 
curing a subset pattern 

,„ needle shaped ceramic fibers 

have an aspect i 

more of the layers 

8 ~ ° f LTato — discontinuous needle 

including said ceramic flour 
shaped ceramic fibers. 

■ S aid needle shaped ceramic fibers 
* ,-iaim 8 wherein said neeu 
9 T he mold of claim 

6Ct ratio of 3:1 and greater, 
have an aspect ran 
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